Objective: To assess the prevalence and severity of dental fluorosis and caries among Malaysian children following the reduction in fluoride concentration from 0.7 to 0.5 parts per million (ppm) in the public water supply.
| INTRODUCTION
In Malaysia, as a public health measure to prevent dental caries, the public water supply was artificially fluoridated in 1972 at a concentration of 0.7 parts per million fluoride (ppmF). 1 However, concern arose that a fluoride concentration at 0.7 ppm may be too high given increasing exposure to other sources of fluoride such as fluoridated toothpaste, leading to an increased prevalence of dental fluorosis. [2] [3] [4] In addition, there was concern over higher water intake in Malaysian due to warmer climatic conditions, with average temperatures of 27-30°C. 4 This prompted a downward adjustment of fluoride concentration from 0.7 to 0.5 ppm in December 2005. 6 In Asia, authorities in Hong
Kong have reduced the fluoride concentration in their public water supply twice, from 1 ppm to 0.7 ppm in 1978 with a further reduction to 0.5 ppm in 1988. 7 In South-East Asia, Singapore has taken similar action by reducing the concentration of fluoride in drinking water twice from 0.7 to 0.6 ppm in 1992 and further to 0.5 ppm in 2008. 8 However,
despite the substantial evidence of the effectiveness of water fluoridation, evidence relating the impact of minor changes of fluoride concentration of public water supply has seldom been investigated.
The situation in Malaysia offers a unique opportunity to evaluate the outcome of the 0.2 ppm adjustment of fluoride concentration in the public water supply on both dental caries and fluorosis. Apart from generating evidence on the effectiveness of the policy initiative, information about fluoride exposure is useful for policymakers, public health planners and healthcare professionals when planning effective community-based fluoride therapy for the prevention of dental caries, while limiting dental fluorosis.
The aim of the study reported here was therefore to assess the prevalence and severity of dental fluorosis and caries among Malaysian children following the reduction in fluoride concentration from 0.7 to 0.5 parts per million (ppm). 
| ME TH ODS

| Study design
This is a single point cross-sectional study that compared children from different age groups that were exposed to different fluoride levels. Altogether the study sample consisted of four subgroups that were divided by age (9 and 12 years) and area of residence (fluoridated and nonfluoridated). 36 months of age. 9, 10 In this study, the 9-year-old children in the test sample had been exposed to 0.5 ppm fluoridated water throughout their life. Children in the comparison sample have had mixed exposure to fluoridated water (0.7 ppm in the first 2 years of life followed by 0.5 ppm thereafter) during the development of their permanent teeth.
Caries prevalence was measured to determine whether a cariespreventive effect is still maintained following the reduction in fluoride level to 0.5 ppm. This was done by comparing the difference in the differences of caries experience between fluoridated and nonfluoridated areas. 
| Research site and study sample
| Data collection
A set of survey forms (including consent form, patient information sheet, parental questionnaire that asked about fluoride history, infant feeding and oral hygiene practices) was delivered by hand to the head teacher or representative teacher of the school. The pupils selected to participate in the study were given a copy of the questionnaire by their teachers. Pupils were asked to deliver the survey forms to their parents for completion and return to school on the following day. Those pupils whose parents failed to return the survey forms were given a reminder one week after the initial distribution. The completed questionnaires and consent form were then collected by the teachers and passed to the investigator during visits to each school. Upon receiving all the survey forms from the teachers, the investigator identified consented children and their lifelong residency status in the locality. Children who were not lifelong residents were excluded from the study.
As a token of appreciation for participation in the study, children
were provided with a toothbrush and toothpaste. Parents were offered an incentive of entry to a prize draw for 1 of 20 MYR100
(USD 23) shopping vouchers. using ICDAS-II criteria. This study used the epidemiology modification for caries code 2, that the teeth were dried and cleaned with gauze. Twenty children were re-examined after a two-week interval.
| Clinical and photographic examination
Following clinical examination, digital images of the maxillary incisors were taken to enable blind scoring of dental fluorosis. Intraoral photographs were taken using standardized methods described in previous studies. 12 Standardized images were taken using a digital SLR camera, Nikon D3300 body, Sigma 105 mm f/2.8 macrolense,
Sigma ring flash EM 140DG. Intraoral photographs were taken while teeth are still wet. None of the images contained any identifying aspects of the subject's face.
To minimize bias from clinical scoring, the primary outcome measure for fluorosis was the consensus score from the digital pho- Therefore, two types of multivariate analyses namely zero-inflated negative binomial (STATA) and generalized linear model (SPSS) were performed to explore the relationship between a change in fluoride level of the public water supply and dental caries at dentine level.
| RESULTS
Results of the intraexaminer repeated clinical examination for caries children were excluded because of unerupted upper central incisor/s, followed by fractured incisor(s) (n = 4), partially erupted incisor(s) (n = 3) and the presence of a fixed orthodontic appliance (n = 1).
The number of children excluded across age groups and in fluoridated and nonfluoridated areas was broadly similar.
In total (n = 1155) were clinically examined and photographed.
Out of 1155 photographs available for scoring, 12 photographs were not able to be scored because of poor quality photographs. This resulted in 1143 children for whom both a valid photograph and questionnaire data were available for analysis. In terms of caries analysis, all clinical and questionnaire data (n = 1155) were analysed. Table 1 children who had been exposed to 0.7 ppmF in the first 2 years of life and then 0.5 ppmF thereafter had a higher fluorosis prevalence than those exposed to 0.5 ppmF throughout life but the difference was not statistically significant. Table 3 shows that reducing fluoride level in the water has resulted in a narrowing of the fluorosis prevalence between fluoridated and control areas. This implies that the decrease in fluorosis prevalence corresponds with the reduction (0.2 ppm) of fluoride in the drinking water during the time of enamel development.
| Fluorosis prevalence
| Caries experience
Regardless of which threshold of diagnosis is used, the mean caries experience in the permanent dentition was significantly lower in the fluoridated area than the nonfluoridated area for both age groups (P < 0.05) ( Table 4 ). The enamel caries prevalence was higher than the dentine caries prevalence for both age groups and area of residence.
When enamel caries lesions were included, the mean DMFT score increased by 2-4 times more than when only dentine caries lesions were included among all study participants. The prevalence of filled teeth was three times higher in nonfluoridated areas for both age groups and the differences were significant (P < 0.001). Missing teeth due to extraction was also higher among children in the nonfluoridated area and the difference was significant in 12-year-old children. Table 5 shows the zero-inflated negative binomial for mean car- 
| DISCUSSION
In the present study, fluorosis prevalence was significantly higher in fluoridated (35.7%-42.6%) than nonfluoridated (5.5%-9.7%) areas.
The findings confirm findings from various studies that fluorosis [4] [5] [6] , dentine caries, D [1] [2] [3] [4] [5] [6] , caries at all levels.
prevalence is strongly associated with fluoridated water. 15, 16 Furthermore, some authorities have reported that it may not be possible to achieve effective fluoride-based caries prevention without some degree of enamel fluorosis. 17 Using Deans score ≥ 2 as the case definition, the present study indicated a lower fluorosis prevalence (35.7%) than a previous national survey, which fluorosis prevalence as 62.3% in fluoridated areas. 2 When comparing with the another local study reported the prevalence of fluorosis in the fluoridated state of Selangor as 58.7%. 3 These earlier studies were conducted among children that were exposed to 0. Possible explanations given were the possibility of tooth wear and the effect of remineralization. Constant exposure to saliva, which is supersaturated with calcium and phosphate, findings in continued enamel mineralization that in turn can lead to reduced opacity in affected areas. 19 However, findings should be treated with caution because the main aim of the later study by was to look at overall enamel defects not just fluorosis. Significant findings were only observed for "diffuse opacities" but not on other enamel defects such demarcated and hypoplastic enamel. Although the DDE index classifies enamel defects in a descriptive way and does not assume aetiology, one of its main types, diffuse opacities has been used synonymously as dental fluorosis.
In terms of caries data, regardless of which threshold of diagnosis was used, the mean caries experience in the permanent dentition was significantly lower in the fluoridated than nonfluoridated areas for both age groups. A higher number of teeth, missing due to caries was observed among children in the nonfluoridated area in both dentitions. The prevalence of filled surfaces was also significantly higher in the nonfluoridated area. The findings in relation to caries prevalence into dentine are in agreement with findings from the Malaysian national survey. 20 and school dental service data. 21 Additionally, findings confirmed existing evidence of the benefit of water fluoridation in caries prevention reported in other countries. 22, 23 As T A B L E 5 Multivariate regression models for mean caries experience and caries prevalence following reduction in fluoride concentration from 0.7 ppm to 0.5 ppm in the public water supply In this study, fluorosis prevalence was only measured on maxillary central incisors which may cause underestimation of the true fluorosis prevalence in the study population. However, restricting the analysis to maxillary central incisors helps in minimizing variation in dental fluorosis due to tooth eruption status and variation between tooth types exposed to different fluoride levels during dentition development. 18 In addition, central incisors are the teeth that are likely to be of greatest aesthetic concern. In terms of caries assessment, drying teeth using gauze may not be an ideal condition to reflect early caries lesions using ICDAS criteria (D 1 ). This may cause an underestimation of the true population caries estimate for D 1 . However, the difference in methodology was not expected to have a major impact on the main caries findings and comparison with other studies that use the traditional DMF index where the threshold of caries was analysed at dentine level (D 4-6 MFT).
In conclusion, the change in water fluoridation policy to 0.5 ppm has resulted in a decrease in fluorosis prevalence without compromising the caries-preventive effect. However, the decrease in fluorosis prevalence was not statistically significant. In addition, it is important to highlight that the optimal fluoride concentration of 0.5 ppm is effective in this study population in which there is widespread use of fluoride toothpaste. The findings provide support for the decision to reduce the fluoride level in the public water supply in Malaysia. These new findings add value to a gap in the literature with regard to the recent trend towards lower levels of fluoride in public water supplies. Further research is still needed to confirm the effectiveness of such a reduction in the longer term, ideally with a longitudinal study or two-point survey.
ACKNOWLEDG EMENT
The authors acknowledge the cooperation of the parents and children who took part in this study and, in addition, the assistance of the school teachers in questionnaire distribution and school visits during clinical examinations. This work was undertaken in part fulfilment of a PhD thesis by NAMN at Cardiff University funded by the Ministry of Education, Malaysia.
CONFLI CT OF INTEREST
Authors declare no conflict of interest.
O R C I D
Nor Azlida Mohd Nor http://orcid.org/0000-0002-1282-6585
